The main end-members of the schorl type in the tourmaline group: dravite, schorl, tsilaisite and elbaite, were synthesized under hydrothermal conditions, and the cell dimensions, cell volumes and densities of these synthetic minerals were determined.
Introduction
The generalized formula of tourmaline may be written, following Donnay and Buerger (1950) , as X Y3Z6B3Si6O27 (OH)4. The X positions are occupied by Na, Ca and K chiefly, the Y positions by Mg, Fe, Mn and (Li, Al) chiefly, and the Z positions are usually occupied wholly by Al. The most extensive mutual substitution of cations is found in the Y positions, giving rise to two well-defined series in the tourmaline group, as described by Epprecht (1953) , between the idealized end-compositions NaMg3A16B3Si6O27 (OH)4 (dravite) and NaFe3A16B3Si6O27 (OH)4 (schorl) or NaMn3A16B3Si6O27 (OH), (tsilaisite) and between schorl or tsilaisite and Na(Li, Al)3 A16 B3 Si6 O27 (OH)4 (elbaite There are some minor differences between the refractive indices of natural dravite and those of the synthetic one. These differences arise from the fact that the chemical compositions of natural dravites differ from that of the pure synthetic dravite.
The optical properties of synthetic schorl, tsilaisite and elbaite from run Nos. S-3, T-4, E-3 and E-4 cannot be measured for the reason that those crystals are too finely grained.
The X-ray powder data of synthetic dravite, schorl, tsilaisite and elbaite are given in Table 2 . The cell dimensions (a, c and c/a), cell volumes V and densities D, calculated from the powder data, are shown in Table 3 . The cell dimensions of synthetic dravite are similar to those of natural dravite from the Hirose Mine in Japan.
But, there are some minor differences between the values of the cell dimensions shown in Table 3 and the values extrapolated from natural tourmalines by Epprecht (1953) . The relationships between the cell dimensions a and c, and those between the cell dimensions a or c and axial ratios c/a for four end-members are shown respectively in Figs. 2 and 3.
Here it is to be noted that no experiment has been made to Mason, et al. (1964) described a high-iron tourmaline from Mexico, which has been named buergerite by Donnay et al. (1966) , and re presents a new type of compositional variation. In this tourmaline, the Y positions are almost wholly occupied by Fe+3, and the com position approaches the idealized formula, NaFe3+3A16B3Si6O30 (OH, F). Frondel et al. (1966) Si6O27 (OH, F)4 from dravite which is ideally presented by NaMg3Al6 B3Si6O27 (OH, F)4. of some end-members of the tourmaline group Thus, the tourmaline group is divided into the following types:
(1) schorl type: X'Y3"A16B3Si6O27 (OH, F)4, 
